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(54) Laser beam delivery system with trepanning module 



(57) A laser beam delivery system (2) for supplying 
a laser beam (6) to a computer generated hologram (20) 
which shapes and divides the supplied laser beam into 
a plurality of pseudo flattop laser beams (28,30,32), The 
plurality of pseudo flat top laser beams are then passed 
through collimating optics (34) which alter the beams so 
that the beams are conveyed along the optical axis in a 
parallel manner. The plurality of collimated laser beams 
then passes through a converging mechanism (40) 
which facilitates converging of the plurality of separated 
collimated laser beams through a clear aperture (49) of 
a mirror (54) of a first repeat positioning device (52) so 
that all of the light is received by the repeat positioning 
device and appropriately reflected thereby to a second 
mirror of a second repeat positioning device (not shown) 
and then to a rear surface of an F-Theta lens (60). The 
F-Theta lens focuses the plurality of separated collimat- 
ed laser beams at the object (12) to be processed. The 
converging mechanism facilitates converging of all of 
the supplied light so that substantially all of the supplied 
light passes through the clear aperture(s) of the repeat 
positioning device(s). 
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Description 

FIELD OF THE INVENTION 

[0001] The present invention relates to a laser beam 
delivery system that will split a single beam into a plu- 
rality of equally sized and shaped laser beams which 
will be altered and finally directed at an object to facili- 
tate efficient processing of a desired surface of the ob- 
ject, such as a substrate. 

BACKGROUND OF THE INVENTION 

[0002] While it is currently known in the prior art to 
split a single laser beam into a plurality of different 
beams, many of the systems currently available are very 
cumbersome to operate and do not efficiently process 
the laser beam once it is split into a plurality of laser 
beams. In particular, the currently known prior art sys- 
tems presently available do not facilitate redirecting of 
the split laser beams efficiently and quickly at a desired 
surface of an object to be processed and achieve the 
desired precision of the laser beam delivery system. 
[0003] Generally, a laser beam is focused or altered, 
by the inherent optics of the system, to provide either 
"focal point machining" or "imaging" of the object to be 
processed. Focal point machining is conventional and 
well known in the art and generally comprises supplying 
a laser beam B from a laser L (see Fig. 1 ) to repeat po- 
sitioners or galvanometers where the supplied laser 
beam B is reflected by the mirror, of the repeat positioner 
or galvanometer M (only one of which is shown for rea- 
sons of clarity), to a focusing lens F which, in turn, fo- 
cuses the supplied beam at an object to be processed 
O. The objective of focal point machining is to focus and 
concentrate all of the energy from the laser beam B so 
that it converges at a desired spot S on the surface of 
the object to be processed O. It is to be appreciated that 
the object to be processed O is spaced from the focusing 
lens F by a distance which is equal to the focal plane FP 
of the focusing lens F to facilitate converging all of the 
supplied light at a desired area or spot S on the surface 
of the object to be processed O and formation of a de- 
sired aperture or feature in the object to be processed O. 
[0004] Imaging is also conventional and well known 
in the art but, on the other hand, generally comprises a 
higher finesse and tighter tolerance processing of a de- 
sired aperture or feature in the object to be processed 
O. As with "focal point machining", a laser beam B is 
supplied from a laser L (see Fig. 2) to a repeat positioner 
or galvanometer (only one of which is shown for reasons 
of clarity) where the supplied laser beam B is reflected 
by the mirror M, of the repeat positioner or galvanome- 
ter, to a focusing lens F which, in turn, focuses the sup- 
plied beam B at an object to be processed O. The ob- 
jective of imaging is to image an apertured area of the 
supplied laser beam on the surface of the object to be 
processed O. To achieve this, the objectto be processed 



O is spaced from the focusing lens F by a distance which 
is greater than the focal plane FP of the focusing lens 
F. Conventional imaging geometric lens equations are 
utilized to determine and/or calculate the process pa- 
5 rameters and to optimize the object to image ratio of the 
imaging system. As such equations and teaching are 
well known in the art, a further detail discussion con- 
cerning the same is not provided. 

10 SUMMARY OF THE INVENTION 

[0005] Wherefore, it is an object of the present inven- 
tion to overcome the above mentioned shortcomings 
and drawbacks associated with the prior art. 

15 [0006] Another object of the present invention istode- 
velop a laser beam delivery system that will separate a 
single laser beam into a plurality of equally sized and 
shaped laser beams, preferably two, three or more sep- 
arate laser beams, and each one of these equally sized 

20 and shaped laser beams is formed to have a substan- 
tially or pseudo flat top profile or customized shape op- 
timized for processing. 

[0007] A further object of the present invention is to 
collimate each one of the separate equally sized and 
25 shaped laser beams, once split by the laser delivery sys- 
tem, and supply each of the collimated and split laser 
beams to the object to be processed. 
[0008] Yet another object of the present invention is 
to provide an illumination prism, along the optical axis 
30 of the laser beam delivery system, to facilitate converg- 
ing of the three separate laser beams, in an overlapped 
or a partially overlapped manner, to a first mirror of a 
repeat positioning system, e.g. a galvanometer so that 
the three overlapped beams will only be received within 
35 and illuminate the clear aperture of the mirror of the re- 
peat positioning system thereby ensuring that all of the 
supplied laser beam light is reflected by the repeat po- 
sitioning system, at the object to be processed, to max- 
imize the efficiency of the laser beam delivery system. 
40 [0009] A still further object of the present invention is 
to provide an adjustment mechanism for facilitating 
movement of the illumination prism, along the optical ax- 
is of the laser beam delivery system, to fine tune the 
degree of convergence or overlap of the separate colli- 
45 mated beams as well as re-expansion and final separa- 
tion of the three separate collimated beams as the 
beams enter the F-Theta lens. 

[0010] Still another object of the present invention is 
to provide a laser beam delivery system which allows a 
50 plurality of separate laser beams, e.g. two, three or more 
separate laser beams, to process a desired surface of 
an object to be processed to improve the efficiency of 
the laser beam delivery system. 

[0011] Yet another object of the present invention is 
55 to provide a trepanning module which facilitates altering 
of the supplied laser beams so that each laser beam is 
controlled to spiral either radially inwardly or radially out- 
ward in unison with one another. 
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[0012] As is apparent from the following discussion, 
the term "overlap" as used in this patent application and 
the appended claims, does not necessarily mean that 
the laser beams must physically overlap or combine with 
one another-this term is intended to mean merely that s 
all three beams sufficiently converge with or toward one 
another by a sufficient amount so as to pass through the 
clear aperture of the mirror of the first repeat positioner 
[0013] The term "object to be processed", as used in 
this patent application, is intended to cover PC boards, 
substrates, panels, flex circuits and other computer and 
electronic components in which small apertures, vias or 
other holes are to be formed in the object to be proc- 
essed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[001 4] The invention will now be described, by way of 
example, with reference to the accompanying drawings 
in which: 

Fig. 1 is a diagrammatic representation showing the 
prior art technique relating to focal point machining; 
Fig. 2 is a diagrammatic representation showing the 
prior art technique relating to imaging; 
Fig. 3 is a diagrammatic view of a first embodiment 
of the laser beam delivery system for imagining; 
Fig. 3A is a diagrammatic representation showing 
a wave profile of the emitted initial laser beam; 
Fig. 3B is a diagrammatic representation showing 
a wave profile of the three laser beams, at an image 
plane, following splitting of the initial laser beam; 
Fig. 4 is a diagrammatic view showing a variation 
of the first embodiment for use with focal point ma- 
chining; 

Fig. 5 is a diagrammatic view of a second embodi- 
ment of the laser beam delivery system for imagin- 
ing; 

Fig. 6 is a diagrammatic view showing a variation 
of the second embodiment for use with focal point 40 
machining; 

Fig. 7 is a diagrammatic view of a third embodiment 
of the laser beam delivery system for imagining; 
Fig. 8 is a diagrammatic view showing a variation 
of the third embodiment for use with focal point ma- *5 
chining; 

Fig. 9 is a diagrammatic view of a fourth embodi- 
ment of the laser beam delivery system for imagin- 
ing; 

Fig. 1 0 is a diagrammatic view showing a variation so 
of the fourth embodiment for use with focal point 
machining; 

Fig. 1 1 is a diagrammatic view of a fifth embodiment 
of the laser beam delivery system for imagining; 
Fig. 12 is a diagrammatic view showing a variation 55 
of the fifth embodiment for use with focal point ma- 
chining; 

Fig. 13 is a diagrammatic view of a sixth embodi- 



ment of the laser beam delivery system for imagin- 
ing; 

Fig. 14 is a diagrammatic view showing a variation 
of the sixth embodiment for use with focal point ma- 
chining; 

Fig. 1 5 is an exploded view showing separation of 
the laser beam into a plurality of separate and col- 
limated beams for supply along the optical axis; 
Figs. 1 6A-C show three variations of the overlap of 
the spots when passing through the clear aperture 
of the mirror of a first one of the repeat positioners; 
Fig. 1 7 shows a diagrammatic representation show- 
ing a control system for altering the spot size and 
spacing of apertures, in the object to be processed, 
to compensate for any distortion in the F-Theta lens; 
Fig. 1 8 shows an object having a plurality of aper- 
tures machined therein without any compensation 
for the distortion of the F-Theta lens; 
Fig. 19 shows the object having a plurality of aper- 
tures therein in which the control system compen- 
sated for the distortion in the F-Theta lens; 
Fig. 20 is a diagrammatic representation showing 
of the splitting three beams for use in processing 
three objects simultaneously with one another to in- 
crease the throughput of a system; 
Fig. 21 is a diagrammatic view of the embodiment 
shown in Fig. 14 with the addition of a trepanning 
module; 

Fig. 22 is a diagrammatic view showing the trepan- 
ning path of a laser beam achieved by the trepan- 
ning module of Fig. 21 ; 

Fig. 23 is a diagrammatic elevational view showing 
a further embodiment for separation of the laser 
beam into a plurality of separate and collimated 
beams for supply along the optical axis; 
Fig. 24 is a diagrammatic elevational view showing 
yet another embodiment for separation of the laser 
beam into a plurality of separate and collimated 
beams for supply along the optical axis; 
Fig. 25 is a diagrammatic perspective view showing 
a rotatable splitter module for rotating the beams 
about the optical axis of the system; 
Fig. 26 is a diagrammatic perspective view showing 
the rotatable splitter module of Fig. 25 following ro- 
tation of the beams by 90° relative to the optical axis 
of the system; 

Fig. 27 is a diagrammatic perspective view showing 
a first embodiment for spacing the outer beams ra- 
dially further away from the central beam supplied 
along the optical axis of the system; 
Fig. 28 is a diagrammatic perspective view showing 
a second embodiment for spacing the outer beams 
radially further away from the central beam supplied 
along the optical axis of the system; 
Fig. 29 is a diagrammatic view showing a variety of 
possible beam arrangements; 
Fig. 30 is a diagrammatic perspective view showing 
an embodimentforshapingthe beams to form a rec- 
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tangular aperture in a surface; and 
Fig. 31 is a diagrammatic perspective view showing 
a second embodiment for shaping the beams to 
form rectangular aperture in a surface. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 
(S) 

[0015] Turning now to Fig. 3, a brief description con- 
cerning the basic components of the present invention 
will first be provided. As can be seen in this embodiment, 
the laser beam delivery system 2 generally comprises 
a laser 4 which is arranged to supply the laser beam 6 
to a laser beam splitter/shaper/collimator apparatus, 
generally designated by reference numeral 8, where the 
emitted laser beam 6 is split into a plurality of equally 
sized and shaped laser beams, preferably three equally 
sized and shaped laser beams. Once the laser beam is 
suitably split into a plurality of equally sized and shaped 
laser beams, the split, shaped and collimated laser 
beams are then directed at a top surface 1 0 of an object 
to be processed 12, e.g. a substrate. 
[0016] The laser beam preferably emits ultraviolet 
light having a wave length of 354.7 nm (3rd harmonic of 
Nd:YAG). Preferably the laser beam 6 has a beam di- 
ameter of about 2.8 mm ± 1 0% and a laser beam mode 
is TEM00 (Gaussian). The laser M2 is preferably < 1 .3 
while the polarization ratio is preferably > 100:1. The 
pulse duration is preferably 1 0 ns while the pulse energy 
of the laser beam 6 is about 450 MicroJoules. A variety 
of other laser beams, such as, 9.3 micron, 9.4 micron, 
532 nm, etc., may also be utilized. As the remaining fea- 
tures of the above discussed components of the present 
invention are conventional and fairly well known in the 
art, a further detailed description concerning the same 
is not provided. 

[001 7] Still with reference to Fig. 3, a detailed descrip- 
tion concerning the beam splitter/shaper/collimator ap- 
paratus 8, according to the present invention, will now 
be described. As can be seen in this Figure, the laser 
beam 6 is directed by the laser 4 toward a rear surface 
of a computer generated hologram 20. The laser beam 
6, emitted by the laser 4, generally has a laser beam 
profile (i.e., gaussian) which is shown in Fig. 3A of the 
drawings. The emitted laser beam 6 enters a front sur- 
face 22 of the computer generated hologram 20 which 
is designed to split the supplied laser beam 6 into a plu- 
rality of separate equally sized and shaped laser beams 
28, 30, 32 which each has a substantially flat top profile 
(Fig. 3B) or specific shape tailored for optimized 
processing. According to a preferred form, the laser 
beam 6 will be split into three equally sized and shaped 
laser beams 28, 30, 32, as shown in Fig. 3 of the draw- 
ings. Although three split laser beams 28, 30, 32 are 
shown in Fig. 3 of the drawings, it is to be appreciated 
that the computer generated hologram 20 can be de- 
signed, according to the specific design requirements, 
to split the supplied laser beam into fewer or more equal- 



ly sized and shaped laser beams depending upon the 
specific application at hand. 

[0018] As the laser beam 6 travels through the com- 
puter generated hologram 20, the supplied laser beam 
5 light is altered by the inherent characteristics of the com- 
puter generated hologram 20 and then emitted from the 
rear surface 24 of the computer generated hologram 20 
as three equally sized and shaped laser beams 28, 30, 
32 toward an image plane 26. The three equally sized 
10 and shaped laser beams 28, 30, 32, when the laser 
beams are located at image plane 26, each has a wave 
form similar to that shown in Fig. 3B of the drawings, e. 
g. each one of the three equally sized and shaped laser 
beams has a pseudo flat top. 
15 [0019] The computer generated hologram 20 is de- 
signed to separate or spread the initial laser beam 6 into 
three equally sized and shaped laser beams and 
change the gaussian profile (see Fig. 3A) of the inputted 
laser beam 6 into three flat top-like profiles (see Fig. 3B) 
or some other suitable shape optimized for processing. 
Preferably the input laser beam is a 2.8 mm ± 1 0%, hav- 
ing an M2 greater than 1 .3 and gaussian in shape. The 
computer generated hologram 20 is generally designed 
to alter the shape of the laser beam to output three sep- 
arate laser beams each having a diameter of about 1 .5 
mm, for example. 

[0020] A conventional shutter 27 is located at the im- 
age plane 26 of the laser beam delivery system 2. The 
shutter 27 comprises a plurality of movable members or 
doors 29 which, when in an opened position, allow sup- 
plied light to pass therethrough and when in a closed 
position, function as a light trap to block light and prevent 
supplied light from passing therethrough. According to 
the first embodiment, three apertures are provided and 
each aperture has an associated door 29, having 
opened and closed positions, and the computer gener- 
ated hologram 20 is designed to direct each one of the 
three separate laser beams through one of the respec- 
tive apertures of the shutter 27. By this arrangement, 
when a door 29 is in an opened position, the computer 
generated hologram 20 projects light through the aper- 
ture so that the supplied light may be thereafter collimat- 
ed by the collimating optics 34. However, when the as- 
sociated door 29 is in its closed position, the light from 
the computer generated hologram 20 is blocked by the 
door 29 and cannot pass through the aperture. Each one 
of the doors 29 is electrically coupled to a control device, 
motor or some conventional device (not shown) for con- 
trolling movement of the door 29 from its opened to its 
closed positions, and vice versa. By adequately control- 
ling the position of the doors 29 of the shutter 27 either: 
all of the light can be blocked, any single beam of light 
can be blocked while the two remaining beams of light 
can be allowed to pass to the shutter 27, any two beams 
of light can be blocked while the remaining beam of light 
can be allowed to pass through the shutter 27, or all of 
the light can be allowed to pass through the shutters 27. 
[0021] The three equally sized and shaped laser 
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beams 28, 30, 32, after passing through the image plane 
26, provided that all three doors 29 are in their opened 
position, are directed at the collimating optics 34. The 
collimating optics 34, according to the first embodiment, 
comprises a pair of closely spaced and opposed convex 
lenses 36, 38. The collimating optics 34 collimate the 
three equally sized and shaped laser beams 28, 30, 32 
and outputs the collimated laser beams along the optical 
axis A toward the object to be processed 12. The colli- 
mating optics 34 can be, for example, either a refractive 
or a diffractive member(s). An important feature of the 
collimating optics 34, however, is that the three separate 
laser beams are collimated to ensure that only collimat- 
ed light is supplied along the optical axis A from the col- 
limating optics 34 toward the object to be processed 1 2. 
[0022] The three separate and collimated laser 
beams 28, 30, 32 are emitted from a rear surface of the 
collimating optics 34 toward an optimizer and pitch com- 
pensator optic, i.e., a converging mechanism such as 
an illumination prism 40. The illumination prism 40 pref- 
erably has a pair of opposed planar surfaces 42, 44, 
which both extend perpendicular to the optical axis A of 
the laser beam delivery system 2, and a pair of inclined 
surfaces 46, 48 which each form an acute angle with the 
optical axis A of the laser beam delivery system 2. Pref- 
erably, the acute angle is between 70° and 99°, most 
preferably about 89.5°. The illumination prism 40 is sup- 
ported by an adjustment assembly 45 connected to a 
motorized drive 50, only diagrammatically shown in the 
drawings, which facilitates conveying the illumination 
prism 40 axially to and fro along the optical axis A of the 
laser beam delivery system 2. The motorized drive 50 
facilitates moving the illumination prism 40 either toward 
the collimating optics 34 or toward a repeat positioner 
52 to adjust focusing characteristics of the laser beam 
delivery system 2. 

[0023] The central planar surface 42 of the illumina- 
tion prism 40, which extends perpendicular to the optical 
axis A of the laser beam delivery system 2, does not 
redirect the central beam 30 of the three equally sized 
and shaped laser beams 28,30, 32, and that central pla- 
nar surface 42 allows that light to pass directly there- 
through without substantially affecting the shape, angle 
or path of the central beam 30. Each of the pair of in- 
clined surfaces 46, 48, however, alter and/or redirect 
one of the two collimated outer beams, i.e., inclined sur- 
face 46 redirects collimated beam 28 while inclined sur- 
face 48 redirects collimated beam 32 so that both of 
those two beams at least partially converge toward one 
another and/or overlap the central beam 30 at a desired 
optical distance from the illumination prism 40. This re- 
directing of the two outer beams 28 and 32 over the cen- 
tral beam 30 allows the three equally sized and shaped 
collimated beams 28, 30, 32 to pass through the clear 
aperture CAg of a reflective mirror 54 of the first repeat 
positioner 52, e.g. a first galvanometer. According to a 
preferred form of the present invention, the mirror 54 of 
the first repeat positioner 52 has a clear aperture posi- 
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tioner is diagrammatically shown in Fig. 2 for the sake 
of clarity, it is to be appreciated that generally a pair of 
repeat positioners 52, 56 are provided (see Fig. 20) for 
redirecting the three equally sized and shaped collimat- 
5 ed beams 28, 30, 32. 

[0024] The motorized drive 50 supports the illumina- 
tion prism 40 and facilitates adjustment of the illumina- 
tion prism 40, relative to the first mirror 54 of the first 
repeat positioner 52, so that both of the two outer beams 
28, 32 and the central beam 30 will all substantially con- 
verge with one another at the first mirror 54 of the first 
repeat positioner 52. Once all three beams contact and 
reflect off the first mirror 54, all three beams 28, 30, 32 
begin to re-expand to a specific pitch and spacing from 
one another prior to reaching an F-Theta lens 60. The 
F-Theta lens 60 is of a multi-element design which re- 
ceives the re-expanding laser beams from the second 
mirror 58 of the second repeat positioner 56 (not shown 
in Fig. 3) at a rear surface 62 thereof. The expanded 
three beams of light are each then altered, via the inher- 
ent optical characteristics of the F-Theta lens 60 in a 
conventional manner. Finally, the altered light is then 
emitted from a front surface 64, of the F-Theta lens 60, 
toward the object to be processed 12. 
[0025] According to a preferred form of the invention, 
the F-Theta lens 60 generally has a focal length of about 
76.3 mm, has a scan field of about 30 mm x 30 mm and 
has a clear aperture of 1 0 mm in diameter. 
[0026] The light emitted from the front surface 64 of 
the F-Theta lens 60 is directed or imaged at a target, a 
substrate or some other objectto be processed 12. Pref- 
erably the object to be processed 12 is located at a dis- 
tance of about 50 microns from a center of the F-Theta 
lens 60 (when measured along the optical axis A). The 
light emitted from the front surface 62 of the F-Theta 
lens 60 is directed at the object to be processed 1 2. The 
object to be processed 1 2 is spaced from the F-Theta 
lens 60 by a distance which is greater than the focal 
length of the F-Theta lens 60. 

[0027] A spot diameter of each one of the three sep- 
arate m-shaped laser beams is approximately 1 .2 mm 
while the spot pitch is approximately 5.08 mm. The spot 
diameter of the three separate laser beams, redirected 
by the illumination prism 40, is about 1.2 mm while a 
spot diameter is 1 .2 mm. 

[0028] Turning now to Fig. 4, a brief discussion con- 
cerning this variation of the first embodiment will now be 
discussed. In this embodiment, identical elements are 
provided with the identical reference numerals as the 
above discussed embodiment and a further detailed de- 
scription concerning such elements is not provided. 
[0029] It is to be appreciated that this embodiment is 
substantially identical to the embodiment of Fig. 3 with 
the only modification being adjustment of the location of 
the object to be processed 1 2 with respect to the F-The- 
ta lens 60. According to this embodiment, instead of lo- 
cating the object to be processed 1 2 at a distance which 
is greater than the focal plane of the F-Theta lens 60, 
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as with the embodiment of Fig. 3, the object to be proc- 
essed 12 is located closer to the F-Theta lens 60. That 
is, the object to be processed 12 is located precisely at 
the focal plane of the F-Theta lens 60. By this arrange- 
ment, focal point machining of the object to be proc- 5 
essed 12, as described above, can be readily achieved 
by the laser beam delivery system 2. In all other re- 
spects, the embodiment of Fig. 4 is identical to the em- 
bodiment of Fig. 3 and a further discussion concerning 
the same is not provided. w 
[0030] Turning now to Fig. 5, a detailed description 
concerning a second embodiment for imagining, ac- 
cording to the present invention, will now be described. 
As this embodiment is very similar to the first embodi- 
ment, identical elements are given the identical refer- 15 
ence numerals and a further detailed description con- 
cerning those previously discussed elements is not pro- 
vided. 

[0031 ] The major difference between the second em- 
bodiment of Fig. 5 and the embodiment of Fig. 3 is the 20 
arrangement of the converging optics. According to this 
embodiment, the single illumination prism 40 of Fig. 3 is 
eliminated in favor of two spaced apart smaller prisms 
41, i.e., a converging mechanism. Each one of the 
smaller spaced apart prisms 41 is arranged to converge 25 
one of the two outer beams so that the illumination path 
of each of the outer beams 28, 32 passes solely through 
the clear aperture CAg of the mirror of the first repeat 
positioner, while the central beam is not affected by and 
remains unaltered by either one of the two smaller 30 
prisms 41 . Both of the smaller illumination prisms are 
connected to and supported by an adjustment assembly 
45, connected to a motorized drive 50 only diagrammat- 
ically shown in the drawings, which facilitates conveying 
the two smaller prisms 41 axially to and fro along the 35 
optical axis A of the laser beam delivery system 2 so 
that both prisms 41 can be simultaneously conveyed 
with one another to and fro along the optical axis A of 
the laser beam delivery system 2, as necessary, to ad- 
just the degree of overlap of the three equally sized and 40 
shaped collimated laser beams 28, 30, 32. Preferably 
each one of the two smaller illumination prisms 41 pivots 
about a central pivot axis to control the converging angle 
of the associated outer beams 28 or 32 with respect to 
the central beam 30. By adequate control of the position *s 
and orientation of these two smaller prisms 41 , the de- 
sired convergence of the two outer beams 28, 32 so as 
to obtain the desired degree of overlap with the central 
beam 30 can be achieved so that all three beams 28, 
30, 32 pass solely through the clear aperture CAg of the so 
mirror of the first repeat positioner. In all other respects, 
this embodiment is substantially identical to the embod- 
iment of Fig. 3. 

[0032] Turning now to Fig. 6, a brief discussion con- 
cerning this variation of the first embodiment will now be 55 
discussed. In this embodiment, identical elements are 
provided with the identical reference numerals as the 
above discussed embodiment and a further detailed de- 



scription concerning such elements is not provided. 
[0033] it is to be appreciated that this embodiment is 
substantially identical to the embodiment of Fig. 5 with 
the only modification being repositioning of the location 
of the object to be processed 12 with respect to the 
F-Theta lens 60. According to this embodiment, instead 
of locating the object to be processed 12 at a distance 
which is greater than the focal plane of the F-Theta lens 
60, as with the embodiment of Fig. 5, the object to be 
processed 12 is located closer to the F-Theta lens 60. 
That is, the object to be processed 1 2 is located precise- 
ly at the focal plane of the F-Theta lens 60. By this ar- 
rangement, focal point machining of the object to be 
processed 12, as described above, can be readily 
achieved by the laser beam delivery system 2. In all oth- 
er respects, the embodiment of Fig. 6 is identical to the 
embodiment of Fig. 5 and a further discussion concern- 
ing the same is not provided. 

[0034] Turning now to Fig. 7, a third embodiment will 
be discussed. According to this embodiment, a second 
computer generated hologram 21 is provided at a loca- 
tion between the first computer generated hologram 20 
and the imagining plane P of the first computer gener- 
ated hologram 20. The second computer generated 
hologram 21 has a first front surface which receives the 
three separate laser beams outputted by the first com- 
puter generated hologram, as with the first embodiment. 
The second computer generated hologram, due to its 
internal light altering characteristics, converges the 
three separate laser beams into three collimated laser 
beams and output the three laserbeams from a rear sur- 
face thereof. These three collimated laser beams are 
outputted and arranged to pass through one of the ap- 
ertures of the shutter 27, provided that the associated 
door 29 is in its opened position, as discussed above. 
In all other respects, this embodiment is substantially 
identical to the second embodiment of Fig. 5. The first 
and second computer generated holograms 20 and 21 
assist with altering the contour of the laser beam to have 
a substantially flat top profile (see Fig. 3B). 
[0035] Turning now to Fig. 8, a brief discussion con- 
cerning this variation of the third embodiment will now 
be discussed. In this embodiment, identical elements 
are provided with the identical reference numerals as 
the above discussed embodiments and a further de- 
tailed description concerning such elements is not pro- 
vided. 

[0036] It is to be appreciated that this embodiment is 
substantially identical to the embodiment of Fig. 7 with 
the only modification being a change in the location of 
the object to be processed 1 2 with respect to the F-The- 
ta lens 60. According to this embodiment instead of lo- 
cating the object to be processed 12 at a distance which 
is greater than the focal plane of the F-Theta lens 60, 
as with the embodiment of Fig. 7, the object to be proc- 
essed 12 is located closer to the F-Theta lens 60. That 
is, the object to be processed 12 is located precisely at 
the focal plane of the F-Theta lens 60. By this arrange- 
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ment, focal point machining of the object to be proc- 
essed 12, as described above, can be readily achieved 
by the laser beam delivery system 2. In all other respects 
the embodiment of Fig. 8 is identical to the embodiment 
of Fig. 7. 

[0037] Turning now to Fig. 9, according to this fourth 
embodiment, the collimating optics comprises a pair of 
shallow angle reflectors or deflective mirrors 43 i.e., a 
converging mechanism. The two mirrors 43 are support- 
ed by an adjustment assembly 45 connected to a mo- 
torized drive 50, only diagrammatically shown in the 
drawings, and the reflective surfaces of the two mirrors 
43 face one another. Each one of two mirrors 43 is piv- 
otable about a pivot axis by a separate drive (not shown) 
which controls the inclination angle of a plane, defined 
by each of the mirrors 43, relative to the optical axis A 
of the laser beam delivery system 2. By adjusting the 
angle formed between the plane of each of the mirrors 
43 and the optical axis A, the degree of convergence of 
the associated outer beams 28, 32 can be altered to fa- 
cilitate passing the two outer beams through the clear 
aperture CAg of the mirror 54 of the first repeat position- 
er 52. 

[0038] The adjustment assembly 45 is conveyable to 
and fro along the optical axis A, by the motor 50, to ad- 
just further the degree of convergence of the two outer 
laser beams as they reflect off from the two mirrors 43. 
In ail other respects, this embodiment is substantially 
identical to the first embodiment of the present invention 
and thus a further detailed description concerning those 
previously discussed elements is not provided. 
[0039] Turning now to Fig. 1 0, a brief discussion con- 
cerning this variation of the fourth embodiment will now 
be discussed. In this embodiment, identical elements 
are provided with the identical reference numerals and 
a further detailed description concerning such elements 
is not provided. 

[0040] It is to be appreciated that this embodiment is 
substantially identical to the fourth embodiment of Fig. 
9 with the only modification being the change in the lo- 
cation of the object to be processed 12 with respect to 
the F-Theta lens 60. According to this embodiment, in- 
stead of locating the object to be processed 12 at a dis- 
tance which is greater than the focal plane of the F-The- 
ta lens 60, as with the embodiment of Fig. 8, the object 
to be processed 12 is located closer to the F-Theta lens 
60. That is, the object to be processed 12 is located pre- 
cisely at the focal plane of the F-Theta lens 60. By this 
arrangement, focal point machining of the object to be 
processed 12, as described above, can be readily 
achieved by the laser beam delivery system 2. In all oth- 
er respects the embodiment of Fig. 1 0 is identical to the 
embodiment of Fig. 9. 

[0041] Turning now to Fig. 11, a detailed description 
concerning a fifth embodiment for imagining, according 
to the present invention, will now be described. As this 
embodiment is very similar to the fourth embodiment, 
identical elements are given the identical reference nu- 



merals and a further detailed description concerning 
those previously discussed elements is not provided. 
[0042] The major difference between the fifth embod- 
iment of Fig. 11 and the embodiment of Fig. 9 is the ar- 
5 rangement for splitting the laser into a plurality of sepa- 
rate collimated beams. In all other respects, this embod- 
iment is substantially identical to the embodiment of Fig. 
9. 

[0043] With reference to Figs. 1 1 and 1 5, the arrange- 
10 ment for splitting the single laser beam into a plurality 
of collimated laser beams will now be described. As can 
be seen in those Figures, the laser beam 6 is emitted 
from the laser 4 and is directed at a first one 68 of a 
series, e.g. three, of partially reflected mirrors or beam 
is splitters 68, 70, 72. The partially reflected mirrors or 
beam splitters 68, 70, 72 are designed to reflect a por- 
tion of the supplied light along the optical axis A of the 
laser beam delivery system 2 while allowing a remaining 
portion of the supplied laser beam 6 to pass there- 
to through. According to one form of the present invention, 
the first beam splitter 68 is located at an angle of 45° 
with respect to the optical axis A and is a 30/70 beam 
splitter. That is, the beam splitter 68 will reflect approx- 
imately 30 percent of the supplied laser beam in a col- 
25 limated form along the optical axis A as beam 32 while 
allowing the remaining 70 percent of the supplied laser 
beam to pass through the first partially reflective mirror 
or beam splitter 68. 

[0044] The second partially reflected mirror or beam 

30 splitter 70 is spaced a small distance from the first beam 
splitter 68. The second partially reflected mirror or beam 
splitter 70 is also oriented at an angle of about 45° with 
respect to the optical axis A of the laser beam delivery 
system 2. The remaining 70 percent of the laser beam 

35 which passes through the first partially reflected mirror 
or beam splitter 68 is directed at and contacts the reflec- 
tive surface of the second partially reflected mirror or 
beam splitter 70. As this beam splitter 70 is a 50/50 
beam splitter, the second partially reflected mirror or 

40 beam splitter 70 will reflect about 50 percent of the sup- 
plied laser beam 6 while allowing the remaining 50 per- 
cent of the supplied laser beam 6 to pass through the 
second partially reflected mirror or beam splitter 70. The 
laser beam reflected by the second partially reflected 

45 mirror or beam splitter 70 is reflected along the optical 
axis A parallel to the first reflected laser beam as beam 
30. 

[0045] A third fully reflective mirror 72 is located ad- 
jacent the second beam splitter so that the fully reflective 

50 mirror 72 receives all of the remaining light which passes 
through the second beam splitter and the fully reflective 
mirror 72 reflects 1 00 percent of the remaining supplied 
light along the optical axis A of the laser beam delivery 
system 2 as beam 28. The laser beam reflected by the 

55 fully reflective mirror 72 is reflected along the optical axis 
A parallel to the first and the second reflected laser 
beams 30 and 32. It is to be appreciated that all three 
beams 28, 30, 32 are substantially collimated as the 
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supplied laser beam was collimated and the first and 
second beam splitter and the fully reflective mirror 72 
merely reflect the supplied laser beams in a collimated 
fashion along the optical axis A of the laser beam deliv- 
ery system 2. 

[0046] The spacing between the separate laser 
beams can be readily modified by either increasing or 
decreasing the spacing between the first beam splitter, 
the second beam splitter and the fully reflective mirror 
72. In addition, as would be readily apparent to one 
skilled in the art, the amount of separate laser beams 
generated from the single laser beam can be increased 
or decreased by the varying the amount of beam split- 
ters placed in front of the fully reflective mirror 72 and 
altenng the reflective characteristics of the beam split- 
ters. 

[0047] Turning now to Fig. 1 2, a brief discussion con- 
cerning this variation of the fifth embodiment will now be 
discussed In :his embodiment, identical elements are 
pr^viJed with the identical reference numerals as the 
above discussed embodiment and a further detailed de- 
scriptor ccnccm ng such elements is not provided. 
[0O46J it s to be appreciated that this embodiment is 
£cDsL*rvm>y »dcniical to the embodiment of Fig. 11 with 
\r\o orvry moo*f<:.vior being modification of the location 
of t*%o ofc«oc! c t>o processed 12 with respect to the 
* T net* tons 6C According to this embodiment, instead 
ni i<v^?.n^ -r>«- ^^r»ot to be processed 12 at a distance 
*r*«r* a rydie* f^n the focal plane of the F-Theta lens 
6C as t*c c^-oodiment of Fig. 11 , the object to be 
pressed v located closer to the F-Theta lens 60. 
T h*! & tr>o ococi ro be processed 1 2 is located precise- 
ly *e foe*} pv*nc of the F-Theta lens 60. By this ar- 
r^nQemoni foe* pont machining of the object to be 
processed ' : ' oesenbed above, can be readily 
rttri»cveo :*>c ir-.so- beam delivery system 2. In all oth- 
e< u:s;>oc?s t^c cnfcodiment of Fig. 12 is identical to the 

(0049] Ttmnq now to Fig. 1 3, a detailed description 
ccnccm rvg « s;mtp c«~iDodiment for imagining, according 
to mc present invention, will now be described. As this 
embodiment is very similar to the first embodiment, 
identcai elements are given the identical reference nu- 
merals and a runner detailed description concerning 
tnssc prcvousty discussed elements is not provided. 
[0050] The ma or difference between the sixth em- 
bodiment o f Fig • 3 and the embodiment of Fig. 3 is the 
shaping and coiiimatmg optics. According to this em- 
bodiment, tne laser beam 6 travels through the first com- 
puter generated hologram 20 where the light is collimat- 
ed. The collimated light exits from the front surface of 
the computer generated hologram 20 and is supplied to 
a rear surface of a second computer generated holo- 
gram 21 . The second computer generated hologram 21 
converts the collimated light from a gaussian profile to 
a substantially pseudo flat top profile and emits the 
pseudo flat top profile from a front surface thereof. The 
light then enters the rear surface of a third computer 



generated hologram 23 where the light is shaped and 
emitted, from a front surface of the third computer gen- 
erated hologram 23, toward afirst of a pair of illumination 
prisms 40, 40', i.e., a converging mechanism, as three 

5 equally sized and shaped laser beams 28, 30, 32. Each 
one of the illumination prisms 40, 40' has a pair of op- 
posed planar surfaces 42,44 which both extend perpen- 
dicular to the optical axis A of the laser beam delivery 
system 2 and a pair of inclined surfaces 46, 48 which 

10 each form an acute angle with the optical axis A of the 
laser beam delivery system 2. The two illumination 
prisms 40, 40* are positioned in an opposed relationship 
to one another. A shutter 27, having a plurality of open- 
able and closable doors, is positioned between the two 

15 illumination prisms 40, 40' to control the number of sep- 
arate beams 28, 30 or 32 that are allowed to pass 
through the shutter 27 and be directed at the object to 
be processed 12. 

[0051] The second illumination prism 40' converges 

20 the two outer beams so that the illumination path of each 
of the outer beams 28, 32 passes solely through the 
clear aperture CAg of the mirror 54 of the first repeat 
positioner 52, while the central beam 30 is not affected 
by and remains unaltered by the first and second illumi- 

25 nation prisms 40,40". The second illumination prism 40' 
is connected to and supported by an adjustment assem- 
bly 45, connected to a motor drive 50, so that the second 
illumination prism 40' can be conveyed to and fro along 
the optical axis A of the laser beam delivery system 2, 

30 as necessary, to adjust the degree of overlap of the three 
equally sized and shaped collimated laser beams 28, 
30, 32. By adequate control of the second illumination 
prism 40' the desired convergence of the two outer 
beams 28, 32, so that they sufficiently overlap the cen- 

35 tral beam 30, can be achieved so that all three beams 
28, 30, 32 pass solely to the clear aperture CAg of the 
mirror of the first repeat positioner. In all other respects, 
this embodiment is substantially identical to the embod- 
iment of Fig. 3. 

40 [0052] Turning now to Fig. 1 4, a brief discussion con- 
cerning this variation of the sixth embodiment will now 
be discussed. In this embodiment, identical elements 
are provided with the identical reference numerals as 
the above discussed embodiment and a further detailed 

45 description concerning such elements is not provided. 
[0053] It is to be appreciated that this embodiment is 
substantially identical to the embodiment of Fig. 13 with 
the only modification being repositioning of the location 
of the object to be processed 12 with respect to the 

50 F-Theta lens 60. According to this embodiment, instead 
of locating the object to be processed 12 at a distance 
which is greater than the focal plane of the F-Theta lens 
60, as with the embodiment of Fig. 12, the object to be 
processed 12 is located closer to the F-Theta lens 60. 

55 That is, the object to be processed 1 2 is located precise- 
ly at the focal plane of the F-Theta lens 60. By this ar- 
rangement, focal point machining of the object to be 
processed 12, as described above, can be readily 
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achieved by the laser beam delivery system 2. In all oth- 
er respects the embodiment of Fig. 1 4 is identical to the 
embodiment of Fig. 1 3 and a further discussion concern- 
ing the same is not provided. 

[0054] With reference to Figs. 16A to 16C, atypical 
overlap of the three separate collimated laser beams 
can be seen as the overlapped light passes through the 
clear aperture CAg of the mirror. As can be seen in Fig. 
1 6A, the three separate laser beams have converged to 
a certain extent but do not completely overlap with one 
another when passing through the clear aperture CAg 
of the mirror 54 of the first repeat positioner. 
[0055] With reference to Fig. 1 6B, there is substantial 
overlap of the three laser beams as they pass through 
the clear aperture CAg. Lastly, as can be seen in Fig. 
1 6C, the three separate laser beams have substantially 
overlapped with one another to essentially combine a 
single beam passing through the clear aperture CAg of 
the mirror 54 of the first reflective surface. 
[0056] Turning now to Fig. 1 7, a brief description con- 
cerning the control system, for use with the laser beam 
delivery system 2, will now be provided. A computerized 
control system 73 is connected to the drives of both of 
the first and the second repeat positioners, 52, 58 and 
is also connected to the drive controlling two and fro mo- 
tion of the illumination optics assembly along the optical 
axis A. In the event that the illumination optics are also 
provided with separate motors for controlling the pivot- 
ing of the separate prisms or mirrors (see Figs. 5,6,7, 
8, 11 and 12), such additional drives would also be con- 
nected to and controlled by the control system 73. Fi- 
nally, the laser 4 and the shutter 27 are connected to 
and controlled by the control system to control opening 
and closing of the doors 29 and facilitate control of how 
many and which laser beams 28, 30 and/or 32 are al- 
lowed to pass through the shutter 27. 
[0057] With reference now to Fig. 18, an inherent 
problem associated with the F-Theta lens 60 will now 
be briefly described. As can be seen in this drawing, the 
object, which has been processed, has a plurality of ap- 
ertures formed therein. All of the apertures are designed 
to be of an equal size and be equally spaced from one 
another in an array. However, due to manufacturing tol- 
erances and other imperfections in the F-Theta lens 60, 
optical distortion generally occurs and this results in de- 
formation and/or misalignment of the formed array of ap- 
ertures in the processed object, as shown in Fig. 18, for 
example. The resulting imperfections in the F-Theta 
lens 60 are generally unacceptable for most commercial 
manufacturing applications. Accordingly, the present in- 
vention utilizes a control system to compensate for the 
imperfections caused by the F-Theta lens 60. To over- 
come this F-Theta lens 60 optic distortion problem, the 
present invention utilizes a control system in which the 
target area is mapped, in a conventional fashion, to de- 
termine the area or areas where the imperfections in the 
F-Theta lens 60 occur and where necessary compen- 
sation is required. Once such mapping is achieved, the 



control system can then be programmed, when forming 
an aperture or some otherfeature in an area requiring 
compensation, to control the illumination optics and pro- 
vide the necessary compensation so as to form a de- 

5 sired aperture in the object to be processed 12 at the 
precise location. Due to such compensation, the system 
can form an array which is deemed acceptable for com- 
mercial manufacturing applications. As such teaching is 
well known in the art, a further detail discussion con- 

10 ceming the same is not provided. 

[0058] As can be seen in Fig. 1 9, for example, by suit- 
able programming of the control system to compensate 
for the imperfections in the F-Theta lens 60, uniformly 
sized, shaped and spaced apertures can be formed in 

is the object to be processed 12 at all of the desired loca- 
tions. 

[0059] With reference now to Fig. 20, one use of the 
present invention will now be briefly described. As can 
be seen in this Figure, there are three separate beams 

20 28, 30, 32 which pass through the illumination prism (not 
shown) and are directed at the first reflective mirror 54 
of the first galvometer 52 and are reflected to the second 
reflective mirror 56 of the second galvometer 58. As the 
light is reflected off the second mirror 54 of the second 

25 galvometer 58, the three separate beams commence 
re-expansion and thereby result in three separate 
beams 28, 30, 32. The three separate beams 28, 30, 32 
can, thereafter, be focused by a focusing lens 60 at three 
different objects to be processed 1 2, 1 2', 1 2" to facilitate 

30 processing of three separate objects simultaneously 
with one another so that manufacturing the throughput 
of a system can be increased. It is to be appreciated that 
the throughput can be varied by merely increasing or 
decreasing the amount of laser beams used to simulta- 

35 neously process a desired object. 

[0060] With reference matter Fig. 21 a detailed de- 
scription concerning a modification of the embodiment 
of Fig. 14 will now be discussed in detail. As this em- 
bodiment is very similar to the previous embodiment, 

40 only a detailed discussion will be provided concerning 
the differences between this embodiment and the pre- 
vious embodiment of Fig. 14. 

[0061] The major modification of this embodiment re- 
lates to the addition of trepanning module 80 to the con- 

45 verging laser beams 28, 30, 32 prior to the converging 
laser beams 28, 30, 32 passing through the clear aper- 
ture CAg of the first reflective mirror 54. The trepanning 
module 80 generally comprises first and second spaced 
apart sequentially arranged rotating wedge prisms 82 

so and 84. Both of the wedge prisms 82 and 84 are aligned 
along and are concentric with the optical axis of the laser 
beam delivery system 2. The spaced apart sequentially 
arranged rotating wedge prisms 82 and 84 which are 
both arranged to rotate relative to the optical axis of the 

55 three (3) converging beams 28, 30, 32. To facilitate such 
rotation, an outer perimeter of each wedge prism 82 and 
84 is coupled by a belt (not numbered) or the like to a 
separate rotational drive 86 and 88, such as an electric 
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motor, to supply rotational drive to the wedge prisms 82 
and 84 and induce rotation about the optical axis of the 
laser beam delivery system 2. 

[0062] The wedge prisms 82 and 84 both have a trap- 
ezoidal transverse cross sectional shape which facili- 5 
tates altering, in a customary manner, any of the light as 
the laser beams pass through the wedge prisms 82 and 
84. That is, a first front surface 90 or 94 of each of the 
wedge prisms 82 and 84 defines a plane which extends 
perpendicular to the optical axis of the laser beam de- 10 
livery system 2 while the second rear surface 92 or 96 
of each of the wedge prisms 82 and 84 defines a plane 
which forms an angle less than 90 degrees with the op- 
tical axis of the laser beam delivery system 2. During 
operation of the trepanning module 80, both of the 15 
wedge prisms 82 and 84 rotate about the optical axis of 
the laser beam delivery system 2 at a rotational speed 
of generally between about 7,000 to 20,000 revolutions 
per minute. However, to achieve the desired trepanning 
effect (see Fig. 22) the first wedge prism 82 rotates at a 20 
different speed than the second wedge prism 84. As a 
result of this relative rotation, as the three laser beams 
28, 30, 32 enter the first front surface 90 of the first 
wedge prism 82 and pass therethrough, the three laser 
beams 28, 30, 32 are each slightly altered, e.g. the laser 25 
beams are each similarly bent as they exit from the rear 
surface 92 of the first wedge prism 82. The slightly al- 
tered light is then directed at and received by the first 
front surface 94 of the second wedge 84 prism and the 
light passes therethrough and is similarly altered, in a 30 
conventional fashion, as the light exits from the second 
rear surface 96 of the second wedge prism 84. The al- 
tered light then passes through the clear aperture CAg 
of the reflective mirror 54 and is directed at either the 
same object to be processed 12, as with the previous 35 
embodiment, or three separate objects to be processed 
12, 12' 12" at the same time. 

[0063] Due to the relative rotation of the first and sec- 
ond wedge shaped prisms 82 and 84, the slightly altered 
three laser beams 28, 30, 32, as they exit from the rear 40 
surface 92 of the first wedge prism 82 enters and is re- 
ceived at different locations along the first front surface 
94 of the second wedge prism 84. Such variation in the 
entry location of the laser beams 28, 30, 32 causes a 
variation in the bend angle of the laser beams 28, 30, 45 
32 as the laser beams 28, 30, 32 pass therethrough and 
exit from the second rear surface 96 of the second 
wedge prism 84. The net effect of the relative rotation 
and the variation in entry location of the laser beams 28, 
30, 32 along the first front surface 94 of the second 50 
wedge prism 84 is to provide a mechanism which facil- 
itates trepanning (see Fig. 22) of the faser beams 28, 
30, 32 so that each laser beam is controlled to spiral 
either radially inwardly or radially outward in unison with 
one another during operation of the trepanning module 55 
80. The two rotational drives 86 and 88 are connected 
to a computer 98 to facilitate control of the rotational 
speeds, rotational direction and the relative rotational 



difference between the first and second wedge prisms 
82 and 84. 

[0064] The trepanning module 80 facilitates a desired 
drilling, burning, machining, formation, etc., of a desired 
aperture or other feature in a desired surface of the ob- 
jects) to be processed 12, 12', 12". The first and second 
rotating wedge prisms 82 and 84, due to their high ro- 
tational speed, allow the trepanning effect to occur very 
quickly and efficiently since the spiraling movement of 
the three laser beams 28, 30, 32 is controlled solely by 
the two rotating wedge shape prisms 82 and 84 and 
none of the remaining components of the laser beam 
delivery system 2 require movement and thus are main- 
tained at a fixed position. 

[0065] During operation of the trepanning module 80, 
it is to be appreciated that the three laser beams 28, 30, 
32, or only a single laser beam if desired, can be sup- 
plied continuously to the rotating first and second wedge 
prisms 82 and 84 to provide a continuous trepanning 
effect or, alternatively, the laser beam(s) can be pulsat- 
ed at a desired rate, depending upon the particular ap- 
plication at hand. As noted above, the first and second 
repeat positioners 52 and 58 are maintained at a fixed 
position, during the operation of the trepanning module 
80, and thus there is no need to wait for the repeat po- 
sitions 52 and 58 to stabilize following movement. It is 
to be appreciated that the trepanning module 80, al- 
though only described with respect to the embodiment 
of Fig. 14, can be used in combination with any one of 
the above discussed embodiments disclosed herein. 
[0066] If desired, one or more telescoping lenses can 
be located between the laser and the trepanning module 
80 to facilitate desired expansion of the laser beams 28, 
30, 32, prior to being altered by the trepanning module 
80. In addition, one or more dilation lenses can be pro- 
vided between the shutter and the trepanning module 
80 to facilitate suitable dilation of the altered laser beam 
(s). 

[0067] With reference to Figs. 23 and 24, two further 
arrangements for splitting the single laser beam into a 
plurality of collimated laser beams will now be de- 
scribed. The laser beam 6 may be, for example, an IR 
beam or UV YAG laser having a wavelength of either 
355nm or 266nm. Alternatively, a C0 2 laser or a 
Q-Switched C0 2 laser having a wavelength of either of 
9.3 or 9.4 micron or a 532 nm beam, for example, may 
also be utilized. 

[0068] As can be seen in these Figures, the beam 
splitter device 69 may comprise, for example, a quartz, 
fused silica or IR material. The laser beam 6 is emitted 
from the laser (not shown) and is directed at a first beam 
splitter 68 of a series of or beam splitters, e.g., first and 
second partially reflected mirrors or beam splitters 68 
and 70. The beam splitters 68, 70 are both designed to 
allow a portion of the supplied light to pass therethrough 
while reflect a remaining portion of the supplied laser 
beam 6. A transmission/reflective surfaces 63, 65 of 
both of the beam splitters 68, 70 extends transversely 
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with respect to the optical axis A of the laser beam de- 
livery system 2. According to Fig. 23, the first beam split- 
ter 68 is a 30/70 or a 33.3/66.6 beam splitter that has its 
transmission/reflective surface arranged at an angle of 
between about 20° to about 80°, preferably about 60°, 5 
with respect to the optical axis A. The first beam splitter 
68 will allow approximately 33.3 percent of the supplied 
laser beam, in a collimated form, to pass therethrough 
and be supplied along or parallel to the optical axis A as 
beam 32 while reflecting the remaining 66.6 percent of 10 
the supplied laser beam toward a rear reflective surface 
71 of the splitter device 69 carrying a 100% reflective 
coating. All of the light reflected by the first beam splitter 
68 is, in turn, reflected by the reflective surface 71 to- 
ward the second beam splitter 70. 15 
[0069] The second beam splitter 70 extends and lies 
parallel to the first beam splitter 68, but is spaced a small 
distance therefrom depending upon the angle the first 
beam splitter 68 forms with the optical axis A. The trans- 
mission/reflective surface 65 of the second beam splitter 20 
70 is also oriented at an angle of between about 20° to 
about 80°, preferably about 60°, with respect to the op- 
tical axis A of the laser beam delivery system 2. The 
remaining 66.6 percent of the laser beam, which is re- 
flected by the first beam splitter 68 and the rear reflective 25 
surface 71 , is directed at and contacts the transmission/ 
reflective surface 65 of the second beam splitter 70. As 
the second beam splitter 70 is a 50/50 beam splitter, the 
second beam splitter 70 will allow about 50 percent of 
the supplied laser beam 6 to pass through the second 30 
partial beam splitter 70 and be supplied along the optical 
axis A as beam 30 while reflect the remaining portion (i. 
e., about 50 percent of the supplied laser beam 6) to- 
ward another area of the rear reflective surface 71 . 
[0070] Substantially the entire portion of the laser 35 
beam reflected by the second beam splitter 70 is, in turn, 
reflected by the reflective surface 71 and supplied along 
or parallel to the optical axis A as beam 28, parallel to 
the first and the second laser beams 30 and 32. It is to 
be appreciated that all three beams 28, 30, 32 are sub- 40 
stantially collimated, as discussed above, and the first 
and second beam splitters 68 and 70 and the rear re- 
flective surface 71 merely reflect a desired portion of the 
supplied laser beam in a collimated fashion along the 
optical axis A of the laser beam delivery system 2 as 45 
three separate beam 28, 30 and 32. 
[0071 ] Tuning now to Fig. 24, a detail description con- 
cerning this further embodiment will now be provided. 
As this embodiment is very similar to the previous em- 
bodiment, only the differences between this embodi- so 
ment and the previous embodiment will be discussed in 
detail. 

[0072] As can be seen in this Figure, the splitter de- 
vice 69 has at least two and possibly three integral prism 
wedges 68', 70' and 72'. As with the previous embodi- 55 
ment, the laser beam 6 is emitted from the laser (not 
shown) and is directed at a transmission/reflective sur- 
face 63 of a first prism wedge beam splitter 68' of a pair 



of partially reflective elements or beam splitters 68' and 
70', respectively. The transmission/reflective surfaces 
63, 65 of both of the prism wedge beam splitters 68', 70' 
are designed to allow a portion of the supplied light to 
pass therethrough while reflect a remaining portion of 
the supplied laser beam 6. Each of the prism wedge 
beam splitters 68' and 70' has a transmission/reflective 
surface 63, 65 which extend transverses with respect to 
the optical axis A of the laser beam delivery system 2. 
As with the previous embodiment, the first prism wedge 
beam splitter 68' is a 30/70 or a 33.3/66.6 beam splitter 
that has a transmission/reflective surface 63 which is ar- 
ranged at an angle of between about 20° to about 80°, 
preferably about 60°, with respect to the optical axis A. 
The first prism wedge beam splitter 68' will allow approx- 
imately 33.3 percent of the supplied laser beam, in a 
collimated form, to pass therethrough and be supplied 
along or parallel to the optical axis A as beam 32 while 
reflecting the remaining 66.6 percent of the supplied la- 
ser beam toward a rear reflective surface 71 of the split- 
ter device 69 carrying a 100% reflective coating. Ail of 
the light reflected by the first prism wedge beam splitter 
68' is, in turn, reflected by the reflective surface 71 to- 
ward the second beam splitter 70'. 
[0073] The second prism wedge beam splitter 70' also 
has a transmission/reflective surface 65 which lies par- 
allel to but is spaced a small distance from the transmis- 
sion/reflective surface of the first prism wedge beam 
splitter 68'. The transmission/reflective surface 65 of the 
second prism wedge beam splitter 70' is also oriented 
at an angle of between about 20° to about 80° , prefer- 
ably about 60° , with respect to the optical axis A of the 
laser beam delivery system 2. The remaining 66.6 per- 
cent of the laser beam which is reflected by the first 
beam splitter 68' and the rear reflective surface 71 is 
directed at and contacts the transmission/reflective sur- 
face of the second prism wedge beam splitter 70'. As 
the second beam splitter 70' is a 50/50 beam splitter, 
the second prism wedge beam splitter 70' will allow 
about 50 percent of the supplied laser beam 6 to pass 
therethrough and be supplied along the optical axis A 
as beam 30 and reflect the remaining portion (i.e., about 
50 percent of the supplied laser beam 6) toward another 
area of the rear reflective surface 71 . Substantially the 
entire laser beam reflected by the second prism wedge 
beam splitter 70' is, in turn, reflected by the reflective 
surface 71 and supplied along or parallel to the optical 
axis A as beam 28, parallel to the first and the second 
laser beams 30 and 32. It is to be appreciated that all 
three beams 28, 30, 32 are substantially collimated, as 
discussed above, and the first and second beam split- 
ters 68' and 70' and the rear reflective surface 71 merely 
reflect a desired portion of the supplied laser beam in a 
collimated fashion along the optical axis A of the laser 
beam delivery system 2. 

[0074] It is to be appreciated that in an output angle 
of each of the emitted laser beams 28, 30 and 32 can 
be readily altered by varying the base angle of the prism 
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wedge beam splitter 68', 70' or 72' and the entrance an- 
gle of the laser beam 6. 

[0075] The spacing between the separate laser 
beams 28,30 and 32 can be easily modified by either 
varying the angular relationship between the laser beam 5 
6 and the splitter device 69, and/or increasing or de- 
creasing the spacing between the first beam splitter 68, 
the second beam splitter 70 and/or increasing or de- 
creasing the thickness of the splitter device 69. In addi- 
tion, as would be readily apparent to one skilled in the 10 
art, the quantity of separate laser beams, generated 
from a single laser beam 6, can be increased or de- 
creased by the varying the quantity of sequentially ar- 
ranged beam splitters 68, 70 provided along the splitter 
device 69 and suitably altering the trans missive/reflec- is 
tive characteristics of each of the beam splitters. 
[0076] For example, as shown in Fig. 23 : a third beam 
splitter 72 with a transmission/reflective surface 67 
which lies parallel to but is spaced a small distance from 
the transmission/reflective surface 65 of the second 20 
prism wedge beam splitter 70 may be utilized. The trans- 
mission/reflective surface 67 of the third beam splitter 
72 is also oriented at an angle of between about 20° to 
about 80°, preferably about 60°, with respect to the op- 
tical axis A of the laser beam delivery system 2. The 25 
transmission/reflective surface 67 of the first and sec- 
ond prism wedge beam splitters 68 and 70 are altered 
so as to allow a smaller percentage of the laser beam, 
e.g., about 25% and 33.3% of the supplied beam, re- 
spectively, to pass to pass therethrough while all of the 30 
remaining supplied light is reflected by the respective 
transmission/reflective surfaces 63, 65 toward the rear 
reflective surface 71 and is directed at and contacts the 
transmission/reflective surface 67 of the third beam 
splitter 72. As the third beam splitter 72 is a 50/50 beam 35 
splitter, the third beam splitter 72 will allow about 50 per- 
cent of the supplied laser beam 6 to pass therethrough 
and be supplied along or parallel to the optical axis A as 
beam 28 and reflect the remaining portion (i.e., about 
50 percent of the supplied laser beam 6) toward another 40 
area of the rear reflective surface 71 . Substantially the 
entire laser beam reflected by the third beam splitter 72 
is, in turn, reflected by the reflective surface 71 and sup- 
plied along or parallel to the optical axis A as beam 1 28, 
parallel to the first, second and third laser beams 28, 30 45 
and 32. It is to be appreciated that all four laser beams 
28, 30, 32 and 128 are substantially collimated, as dis- 
cussed above, and the first, second and third beam split- 
ters 68', 70* and 72' and the rear reflective surface 69 
merely reflect a desired portion of the supplied laser so 
beam in a collimated fashion along the optical axis A of 
the laser beam delivery system 2. 
[0077] Turning now to Figs. 25 and 26, a detailed de- 
scription concerning a rotatable module 122 will now be 
described. According to this embodiment, as with the 55 
previous embodiments, the laser beam 6 is generated 
by laser 4 and travels through shaping means, such as 
one or more lenses 1 04, 1 06 and possibly one or more 



computer generated holograms (not shown) where the 
light is appropriately collimated and/or converted to a 
desired form depending upon the particular application. 
The collimated and converted light then enters the rear 
surface of a final computer generated hologram 120 
where the light is shaped and emitted, from a front sur- 
face of the final computer generated hologram 120, to- 
ward a first of a pair of central illumination prisms 140, 
140", i.e., a converging mechanism, as three equally 
sized and shaped laser beams 28, 30, 32. Each one of 
the central illumination prisms 140, 140' has a pair of 
opposed planar surfaces (not numbered) which both ex- 
tend perpendicular to the optical axis A of the laser beam 
delivery system 2 and a pair of inclined surfaces (not 
numbered) which each form an acute angle with the op- 
tical axis A of the laser beam delivery system 2. The two 
central illumination prisms 140, 140' are positioned in 
an opposed relationship to one another. Three individual 
shutters 127, 127' and 127" each having an openable 
and closable door, are positioned between the two cen- 
tral illumination prisms 140, 140'. Each one of the three 
individual shutters 127, 127' and 127" is located to con- 
trol one of the three separate beams 28, 30 or 32 so as 
to either block a respective one of the three separate 
beams 28 s 30 or 32 or allow the same to pass there- 
through the respective shutter and be directed at the ob- 
ject to be processed 12. 

[0078] The second central illumination prism 140' is 
normally designed to converge the two outer beams 28 
and 32, as discussed above, while the central beam 30 
is not affected by and remains unaltered by the first and 
second central illumination prisms 140, 140'. The sec- 
ond central illumination prism 140' is connected to and 
supported by an adjustment assembly (not shown), con- 
nected to a motor drive (not shown), so that the second 
central illumination prism 140' can be conveyed to and 
fro along the optical axis A of the laser beam delivery 
system 2, as necessary, to adjust the relative positions 
of the three laser beams 28, 30, 32. According to this 
embodiment, the final computer generated hologram 
120, the first and second central illumination prisms 140, 
140', and the three individual shutters 127, 127' and 
127" and the adjustment assembly are all supported by 
and housed within the rotatable module 1 22. A rotational 
drive 124 (only diagrammatically shown) is connected 
to the rotatable module 122 to facilitate rotation of the 
rotatable module 122 relative to the optical axis A in ei- 
ther rotational direction. Due to this arrangement, as the 
rotatable module 122 is rotated a desired amount, e.g., 
90° counterclockwise for example, by the rotatable drive 
1 24 with respect to the optical axis A of the laser beam 
delivery system 2, the orientation of the three beams 28, 
30 and 32 ; which ail initially lie in a horizontal plane as 
can be seen in Fig. 25, changes to an orientation where 
all three beams 28, 30 and 32 now lie in a vertical plane, 
as can be seen in Fig. 26. 

[0079] Turning now to Fig. 27, a detailed description 
concerning a beam spreader module 126 will now be 
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described. As with the prior embodiments, a central il- 
lumination prism 140 is provided to assist with suitably 
altering the path of the laser beams 28, 30 and 32. The 
central illumination prism 40 has a pair of opposed pla- 
nar surfaces 142, 144, which both extend perpendicular 
to the optical axis A of the laser beam delivery system 
2, and a pair of inclined surfaces 146, 148 which each 
form an acute angle with the optical axis A of the laser 
beam delivery system 2. Preferably, the acute angle is 
between 70° and 99°, most preferably about 89.5°. As 
with the previous embodiments, the central illumination 
prism 140 may be supported by an adjustment assem- 
bly 1 45 and connected to a motorized drive (not shown) 
to facilitate conveying the central illumination prism 1 40 
axially to and fro along the optical axis A of the laser 
beam delivery system 2 to adjust focusing characteris- 
tics of the laser beam delivery system 2. 
[0080] The central planar surface 142 of the central 
illumination prism 140, which extends perpendicular to 
the optical axis A of the laser beam delivery system 2, 
does not redirect the central beam 30 of the three equal- 
ly sized and shaped laser beams 28, 30 and 32, and 
that central planar surface 1 42 allows that light to pass 
directly therethrough without substantially affecting the 
shape, angle and/or path of the central beam 30. 
[0081] As can be seen in this Figure, the beam sepa- 
rating or spreader module 1 26 generally comprise first 
and second pairs of spaced apart prism wedges 
130,130* and 132, 132'. The supplied beams are gener- 
ated, as discussed above, and supplied by a centrally 
located prism 140 toward the beam spreader module 
1 26. Each prism wedge 1 30, 1 30' and 1 32, 1 32', forming 
the beam spreader module 126, comprises a first sur- 
face 134 which is arrange perpendicular to the optical 
axis A and a second surface 1 36 which is arranged at 
an angle 9 with respect to the optical axis A, i.e., a line 
extending perpendicular to the second surface 136 
forms an angle 6 with the optical axis A. At least the sec- 
ond pair and preferable both the first and second pair of 
prism wedges 130, 130* and 132, 132* is supported by 
an adjustment assembly (not shown), connected to a 
motor drive (not shown), so that at least one pair of the 
prism wedges 130,1 30' and/or 1 32, 1 32' can be: 1 ) con- 
veyed to and fro along the optical axis A of the laser 
beam delivery system 2, and/or 2) moved closer to or 
further away from the other cooperating prism wedges 
130, 130' or 132, 132' forming the pair of spaced apart 
prism wedges, as necessary, to adjust the amount or 
degree of separation of the outer laser beams 28 and 
32 relative to the central beam 30-to change the spacing 
from distance P 1 to distance P 2 . By adequate control of 
the adjustment assemblies 54 for the prism wedges, the 
desired degree of divergence of the two outer beams 
28, 32, relative to the central beam 30, can be readily 
controlled. 

[0082] The first pair of spaced apart prism wedges 
1 30, 1 30' and 1 32, 1 32' are arranged so that the respec- 
tive outer beam 28 or 30 enters the first surface 134 of 



the first prism wedge 130 or 130' and exits the second 
surface 136 of the prism wedge 130 or 130* at an angle 
0 with respect to the optical axis A : i.e., the first pair of 
prism wedges 1 30 or 1 30' redirect each respective outer 
5 beam 28, 32 radially away from the central beam 30 a 
desired distance (i.e., P 2 - P.,). 

[0083] The second pair of spaced apart prism wedges 
132, 132' are arranged so that the respective outer 
beam 28 or 30 enters the second surface 136 of the re- 

10 spective prism wedge at an angle 6 with respect to the 
optical axis A and exits from the first surface 134 the 
respective prism wedge 1 32, 1 32' so that the respective 
outer beam 28 or 32 is again conveyed or traveling par- 
allel to the optical axis A. That is, the second pair of 

is prism wedges 132, 132' each receive one of the outer 
beams 28 or 30 and redirects the same parallel to the 
optical axis A. 

[0084] Tuning now to Fig. 28, a detail description con- 
cerning this further embodiment will now be provided. 
20 As this embodiment is very similar to the embodiment 
of Fig. 27, only the differences between this embodi- 
ment and the previous embodiment will be discussed in 
detail. 

[0085] As can be seen in this Figure, the beam sepa- 
ls rating or spreader module 126 generally comprise first 
and second pairs of spaced apart triangular prism wedg- 
es 1 50, 1 50' and 1 52, 1 52'. The supplied beams 28, 30 
and 32 are generated, as discussed above, and sup- 
plied by a centrally located prism 1 40 toward the beam 
30 spreader module 126. Each triangular prism wedge 150, 
150* and 152, 152', forming the beam spreader module 
1 26, comprises a first surface 1 56 which is arrange sub- 
stantially perpendicular to the optical axis A and a sec- 
ond surface 158 which is arranged at an angle 6 with 
35 respect to the optical axis A, i.e., a line extending per- 
pendicular to the second surface 158 forms an angle G 
with the optical axis A. Each triangular prism wedge 1 50, 
150' and 152, 152' is supported by an adjustment as- 
sembly 45, connected to a motor drive (not shown), so 
40 that each prism wedge can be at least one of: 1 ) con- 
veyed to and fro along the optical axis A of the laser 
beam delivery system 2, 2) rotated about a rotational 
axis of the triangular prism wedge, and/or 3) moved 
closer to or further away from the other cooperating tri- 
45 angular prism wedge, as necessary, to adjust the 
amount or degree of separation of the outer laser beams 
28 and 32 relative to the central beam 30. By adequate 
control of the adjustment assembly 45 for each triangu- 
lar prism wedge, the desired degree of convergence or 
50 divergence of the two outer beams 28, 32, relative to the 
central beam 30, can be readily controlled. 
[0086] The first pair of spaced apart triangular prism 
wedges 150, 150' are arranged so that the respective 
outer beam 28 or 30 enters the second surface 158 the 
55 prism wedge and exits the first surface 1 56 of the prism 
wedge 1 50, 1 50' at an angle 6 with respect to the optical 
axis A, i.e., the first pair of prism wedges 150, 150' re- 
directs the respective outer beam 28, 32 radially away 
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from the optical axis A. 

[0087] The second pair of spaced apart prism wedges 
152, 152' are arranged so that the respective outer 
beam 28 or 30 enters the second surface 1 58 of the tri- 
angular prism wedge at an angle 6 with respect to the 5 
optical axis A and exits from the first surface 1 56 of the 
respective prism wedge so that the respective outer 
beam 28 or 32 is again conveyed ortraveling parallel to 
the optical axis A but spaced further away therefrom. 
That is, the second pair of prism wedges 1 52, 1 52* each 10 
receive one of the outer beams 28 or 30 and redirects 
the same parallel to the optical axis A. 
[0088] It is to be appreciated that the beam separating 
or spreader module 126, for spacing or separating the 
outer beams 28 and 32 radially with respect to the cen- 15 
tral beam 30, may be combined with the rotatable mod- 
ule 122 to vary also the position, spacing and/or orien- 
tation of the outer beams 28 and 32 relative to the central 
beam 30. A variety of possible beam arrangements, 
which are readily achievable by the teaching of the 20 
present invention, are shown in Fig. 29. It is to be ap- 
preciated that each set of three laser beams will all lie 
in a single plane BP but the relative spacing from one 
another and/or horizontal/vertical relationship can be 
varied depending upon the particular application. 25 
[0089] Turning now to Fig. 30, a detailed description 
concerning a further embodiment, according to the 
present invention, will now be described. According to 
this embodiment, the laser beam 6 is generated by a 
laser 4 and travels through a first computer generated 30 
hologram 20 where the light is converged or collimated. 
The converged or collimated light exits from the front 
surface of the first computer generated hologram 20 and 
is supplied to a rear surface of a second computer gen- 
erated hologram 21 . The second computer generated 35 
hologram 21 converges or converts the converging or 
collimated light from a gaussian profile to a line image 
profile and emits the line image profile from a front sur- 
face thereof as a substantially flat top beam or a desired 
wave front. The light having a line image profile then 40 
enters the rear surface of a third computer generated 
hologram 23 where the light is split and emitted, from a 
front surface of the third computer generated hologram 
23, toward a first of a pair of illumination prisms 140, 
140', i.e., a converging mechanism, as three equally 45 
sized and shaped line image profile laser beams 28, 30, 
32. Each one of the illumination prisms 140, 140' has a 
pair of opposed planar surfaces which both extend per- 
pendicular to the optical axis A of the laser beam deliv- 
ery system 2 and a pair of inclined surfaces which each so 
form an acute angle with the optical axis A of the laser 
beam delivery system 2. The two illumination prisms 
140,140* are positioned in an opposed relationship to 
one another. A shutter (not shown) having a plurality of 
openable and closable doors is positioned between the 55 
two illumination prisms 140, 140' to control the number 
of separate beams 28, 30 or 32 that are allowed to pass 
through the shutter or shutters and be directed at the 



object to be processed 1 2 after passing through the sec- 
ond illumination prism 140'. 

[0090] The second illumination prism 1 40' converges 
the two outer beams so that the illumination path of each 
of the outer beams 28 t 32, having a line image profile, 
passes solely through the clear aperture of the mirror 
54 of the first repeat positioner 52, while the central 
beam 30 is not affected by and remains unaltered by the 
first and second illumination prisms 140, 140'. The sec- 
ond illumination prism 1 40' is connected to and support- 
ed by an adjustment assembly 45, connected to a motor 
drive (not shown), so that the second illumination prism 
140' can be conveyed to and fro along the optical axis 
A of the laser beam delivery system 2, as necessary, to 
adjust the degree of overlap of the three equally sized 
and shaped collimated linear laser beams 28, 30, 32. 
By adequate control of the second illumination prism 
140', the desired convergence of the two outer beams 
28, 32, so that they sufficiently overlap the central beam 
30, can be achieved so that all three beams 28, 30, 32 
pass solely to the clear aperture of mirror 54 of the first 
repeat positioned 52. 

[0091 ] Once all three beams contact and reflect off the 
first mirror 54, all three beams 28, 30, 32 begin to re- 
expand to a specific pitch and spacing from one another 
prior reflecting off the second mirror 58 controlled by the 
second repeat positioner 56 and striking an F-Theta lens 
60. The expanded three beams 28, 30 and 32 are each 
then altered, via the inherent optical characteristics of 
the F-Theta lens 60 in a conventional manner. Finally, 
the altered light is then emitted from a front surface 64, 
of the F-Theta lens 60, toward the object to be proc- 
essed 12 for forming three equivalent but equally rec- 
tangular shaped apertures, in the object. 
[0092] It is to be appreciated that if the table 1 1 1 sup- 
porting the object to be processed 1 2 is moved in either 
the X or Y directions or the repeat positioners 52,56 are 
appropriately moved in eitherthe X or Y directions, while 
the three beams 28,30 and 32 are continuously forming 
the three equivalent apertures in the object, the system 
can be used to facilitate laser dicing or cutting of the 
object to be processed 12. Once a desired amount of 
dicing or cuts is formed in the object in one cut direction, 
the table 11 1 is then rotated 90° where a further desired 
amount of dicing or cuts may be formed in the object in 
a second direction extending normal to the first direc- 
tion. 

[0093] Turning now to Fig. 31 a brief discussion con- 
cerning a variation of the embodiment of Fig. 30 will now 
be discussed. In this embodiment, identical elements 
are provided with the identical reference numerals and 
a further detailed description concerning such elements 
is not provided. 

[0094] The major difference between this embodi- 
ment and the previous embodiment is the replacement 
of the F-Theta lens with an imaging lens and the elimi- 
nation of the second illumination prism 140 1 and the first 
and second repeat positioners 52, 56 in favor of a single 
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reflective mirror 240. Due to this arrangement, as the 
laser beams 28, 30 and 32 pass through the shutter (not 
shown) all three beams are traveling parallel to one an- 
other and do not converge toward one another. Accord- 
ingly, all three beams are transmitted parallel to one an- 
other and strike the mirror 240 which reflects and redi- 
rects the three beams 28, 30 and 32 toward an imaging 
lens 60. The three beams 28, 30 and 32 are each then 
altered, via the inherent optical characteristics of the im- 
aging lens 60 in a conventional manner. Finally, the al- 
tered light is then emitted from a front surface 64, of the 
imaging lens 60, toward the object to be processed 12 
for forming three equivalent but equally rectangular 
shaped apertures, in the object. 

[0095] It is to be appreciated that if the table 1 1 1 sup- 
porting the object to be processed 12 is moved in either 
the X or Y directions, while the three beams 28, 30 and 
32 are continuously forming the three equivalent aper- 
tures in the object, the system can be used to facilitate 
laser dicing or cutting of the object to be processed 1 2 
as discussed above. 

[0096] The beam delivery system 2 may be utilized 
for drilling multi-layered materials, 3D structuring of 
MEMS, Stereo lithography, link blowing for memory or 
IC repair of fabrication, mask repair or to assist with laser 
cleaning of a litho mask. Alternatively, the beam delivery 
system 2 may be utilized for exposure of a photosensi- 
tive material or for direct laser imaging. According to a 
preferred form of the invention, all movement of the in- 
dividual components, such as the shutters, the doors, 
the galvometers, etc., in the X, Y and Z directions are 
achieved via an interpolated motion. 
[0097] Since certain changes may be made in the 
above described improved laser beam delivery system, 
without departing from the spirit and scope of the inven- 
tion herein involved, it is intended that all of the subject 
matter of the above description or shown in the accom- 
panying drawings shall be interpreted merely as exam- 
ples illustrating the inventive concept herein and shall 
not be construed as limiting the invention. 



Claims 

1 . A laser beam delivery system comprising: 

a laser source for outputting a laser beam; 
a shaping apparatus for receiving the laser 
beam output by the laser and for shaping the 
laser beam into a plurality of separate laser 
beams; 

a converging mechanism for redirecting the 
plurality of separate laser beams through a 
clear aperture of a mirror of a repeat positioning 
device; 

the repeat positioning device redirecting the 
plurality of separate laser beams to an F-Theta 
lens; and 



the F-Theta lens focusing the plurality of sepa- 
rate laser beams at an object to be processed. 

2. The laser beam delivery system according to claim 
5 1 , wh erein the shaping apparatus comprises a com- 
puter generated hologram and the computer gen- 
erated hologram splits the light laser beam at an im- 
age plane into at least three separate laser beams. 

10 3. The laser beam delivery system according to claim 

2, wherein collimated optics are located adjacent to 
the imaging plane for collimating the three separate 
laser beams generated by the computer generated 
hologram so that the three separate laser beams 

is are supplied parallel to one another and along an 
optical axis of the laser beam delivery system. 

4. The laser beam delivery system according to claim 

3, wherein an illumination prism is located between 
20 the collimated optics and the mirror of the repeat 

positioning device so that the three separate laser 
beams converge toward one another as the three 
separate laser beams approaching the repeat posi- 
tioning device so that ail of the generated light pass- 
es es through a clear aperture of the repeat positioning 
device. 

5. The laser beam delivery system according to claim 
1 , wherein two repeat positioning devices are pro- 

30 vided for redirecting the plurality of separate laser 
beams at the F-Theta lens and the object to be proc- 
essed. 



6. The laser beam delivery system according to claim 
35 1 , wherein the F-Theta lens is located between the 

two repeat positioning devices and the object to be 
processed, and the F-Theta lens is positioned a suf- 
ficient distance from the object to be processed so 
that the laser beam of each of the plurality of sepa- 
40 rate laser beams is focused prior to contacting the 
object to be processed. 

7. The laser beam delivery system according to claim 
1 , wherein the F-Theta lens is located between the 

45 two repeat positioning devices and the object to be 
processed, and the object to be processed is posi- 
tioned at a focal plane of the F-Theta lens. 

8. The laser beam delivery system according to claim 
50 1 , wherein the laser beam has a gaussian profile 

and the computer generated hologram converts the 
laser beam of the guassian profile into three sepa- 
rate beams each having a substantially flattop por- 
tion profile. 

55 

9. The laser beam delivery system according to claim 
1, wherein the converging mechanism comprises 
an illumination prism connected to a drive and the 
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drive facilitates conveyance of the illumination 
prism to and fro along the optical axis to facilitate 
adjustment of a degree of convergence of the plu- 
rality of separate laser beams through the clear ap- 
erture of the mirror of the repeat positioning device. 5 

10. The laser beam delivery system according to claim 
9, wherein the illumination prism has a pair of op- 
posed planar surfaces which extend normal to the 
longitudinal axis of the laser beam delivery system 10 
and a pair of inclined surfaces which extend at an 
acute angle with respect to the optical axis of the 
system to facilitate converging of the laser beams 
through the clear aperture of the mirror of the repeat 
positioning device. 15 

11. The laser beam delivery system according to claim 
2, wherein a pair of prisms facilitates convergence 
of two of the three separate laser beams toward a 
central beam so that the three separate laser 20 
beams pass through a clear aperture of the repeat 
positioning device, and the pair of prisms is mova- 
ble to and fro along the optical axis to facilitate ad- 
justment of a degree of convergence of the plurality 

of separate laser beams. 25 

12. The laser beam delivery system according to claim 
11 , wherein the pair of prisms is also rotatable about 
a rotation axis to facilitate adjustment of the degree 

of convergence of the plurality of separate laser 30 
beams. 

13. The laser beam delivery system according to claim 
2, wherein a pair of deflective mirrors facilitates con- 
vergence of two of the three separate laser beams 35 
toward a central beam so that the three separate 
laser beams pass through a clear aperture of a first 
mirror of the repeat positioning device, and the pair 

of deflective mirrors is movable to and fro along the 
optical axis to facilitate adjustment of a degree of 40 
convergence of the plurality of separate laser 
beams. 



14. The laser beam delivery system according to claim 

1 , wherein the laser is directed at a series of beam 45 
splitters, and the series of partially reflected beam 
splitters reflect a portion of the supplied laser beam 
parallel to the optical axis of the laser beam delivery 
system while allowing a remaining portion of the 
supplied laser beam to pass therethrough. so 

15. The laser beam delivery system according to claim 
1 , wherein the laser beam is supplied to a beam 
spl itter device and the beam splitter device splits the 
supplied laser beam into at least three separate la- ss 
ser beams which are supplied parallel to the optical 
axis of the delivery system beam, and the beam 
splitter device has partially reflective surfaces, 



which allow a portion of the laser beam to pass 
therethrough and reflect a remaining portion of the 
supplied laser beam. 

16. The laser beam delivery system according to claim 
1 , wherein a hologram, first and second illumination 
prisms and three individual shutters are all support- 
ed by and housed within a rotatable module, and a 
rotational drive is connected to the rotatable module 
to facilitate rotation of the rotatable module relative 
to the optical axis. 

17. The laser beam delivery system according to claim 
1 , wherein the laser beam delivery system has a 
spreader module, for spacing two outer beams ra- 
dially with respect to a central beam, and an adjust- 
ment mechanism facilitates spacing of the first pair 
of prisms from the second pair of prisms to control 
spacing of the two outer beams relative to the cen- 
tral beam. 

18. The laser beam delivery system according to claim 
17, wherein the adjustment mechanism also in- 
cludes a rotation mechanism to rotate each prism 
about a rotational axis thereof and assist with con- 
trolling spacing of the two outer beams relative to 
the central beam. 

19. The laser beam delivery system according to claim 
1 , wherein the laser beam delivery system has a 
spreader module, for spacing two outer beams ra- 
dially with respect to a central beam, and an adjust- 
ment mechanism facilitates spacing of the first pair 
of prisms from the second pair of prisms to control 
an amount of spacing of the two outer beams rela- 
tive to the central beam, and the spreader module 
and the adjustment mechanism are housed within 
a rotatable module, and a rotational drive is con- 
nected to the rotatable module to facilitate rotation 
of the rotatable module relative to the optical axis. 

20. The laser beam delivery system according to claim 
1 , wherein the laser beam delivery system has a 
trepanning module positioned between the con- 
verging mechanism and the repeat positioning de- 
vice, the trepanning module comprises first and 
second spaced apart sequentially arranged rotating 
wedge prisms which are aligned along and are con- 
centric with the optical axis of the laser beam deliv- 
ery system. 
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